
Q.:AIIt ta:mical bulletins provide a oourre of detaila:l information on specific ta:::hniqUES, pra::tia3s and ll'ethodologies 
rurrently being employed on sites in the UK within the s:npe of Q.:AIIt ta:tlnology denonstration and research proja:;ts. 
This te::hnical bulletin fooJses on multilevel sampling system:;. 
1. DIS:lAII\iffi:This Technical Bulletin repre:ents the situation in the UK as of January 2002. 

2. Definitions of words written in bold type may be found in the Glossary ofTerrnswithin the Publications re:iion of the Q:AR:VIkb site at http://www.daire.co.uk 

Multi I vel S:lmpling 
1. INTRD..CTla\1 

The topic of this QAIFt Technical Bulletin is multilevel sa11pling sptans for 
characterising contaminated groundwater. Contaminated groundwater can present 
considerable problems for landownars: it can occur at significant depth; sources of 
the contamination are not often obvious; it can migrate from one property to another; 
and groundwater flow directions can be altered because of seasonal variations or 
pumping. In order to assess risk and liability associated with contaminated 
groundwater, landowners must be able to characterise both the nature and extent of 
any contamination. 

Contaminant migration in aquifer eysterns can be a complex process, especially in 
fractured bedrock, and is both difficult and expensive to characterise. Sanlpling and 
monitoring at many different levels in the subsurface from one sa11pling location 
allows the actual or potential pathways for contaminant migration to be identified 
and monitored. The use of multilevel sa11pling eysterns allows landowners to 
optimise the amount of information they can obtain from their boreholes. 

S:lveral options are available currently for sa11pling groundwater at multiple levels 
from a "single" monitoring location. The first, termed "multiple completions" 
involves clusters or nests, which include individually installed monitoring wells in 
individual boreholes or several monitoring wells completed in a single borehole.The 
second involves manufactured multilevel sa11pling eystenns. These include simple 
continuous multichannel tubing and more complex engineered multilevel eysterns. 
The key features of the various manufactured eystans are discuseed below A QAIFt 
research project which focuses on the natural attenuation of petrol contaminated 
groundwater in a chalk aquifer sucx::essfully applied one of the multilevel sampling 
eystenns described in this bulletin and is written up as a separate QAIFt Case Study 
Bulletin (0331). 

The following types of multilevel sampling systenns are dis::ussed in this bulletin: 

ff Multiple Completions 
ff Continuous Multichannel Tubing 
ff Waterloo Multilevel S,.Stem 
ff Westbay MP S,.Stem 

2.1 Multiple Completions 

Multiple completions in bedrock involve the installation of more than one monitoring 
well in a single borehole (nested, Rgure 2a), or a number of single monitoring well 
oornpletions in boreholes drilled close together (clustered, Figure 2b). Ea:::h borehole 
is typically 150mm or 200 mm in dianeter and drilled using rotary coring or open 
hole method. For the purposes of this Technical Bulletin, dis:::ussion will be limited to 
oornmercially available well materials and will not consider "bundle" type monitoring 
wells. 

Figure 1: S:tlaratic diagran of a typical multilel.el IMlll installation (adaptEd frcmS:Jiinst Data Sleet)) 

Monitoring wells consist typically of 19mm or 50mm dianeter plastic casing 
attached to a ecreen of either a perforated end section or a porous tip. The 
installation method will be similar for nested or clustered completions. 

Ea:::h borehole is drilled and cleaned out to the desired depth. A 0.2 m layer of clean 
sand or gravel is placed at the base. The monitoring well is then placed vertically 
within the borehole while additional sand is placed around theecreen to form a filter 
extending approximately 0.3 m above the top of the screen. It is good practice to 
seal the remainder of the hole with bentonite to avoid providing vertical pathways 
within the annular space of the borehole. When multiple installations are required in 
a single borehole then the process is repeated. There is a danger with multiple 
oornpletions that sand packs and bentonite seals around the well screens are not 
securely placed, allowing groundwater to "short circuit" seals. 
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2.2 

2.2.1 lntrodlrlion 

The Continuous Multichannel Tubing (CIVTT) m.tltilevel system is an eooncmical 
approach to m.tltilevel groundwater monitoring providing the sirrplicity of a bundle 
type installation with the benefits of backfilling or sealing around a single tube. Each 
system can be oustom-built on site without leaving the hole open to deterioration or 
contamination. Cl\i1T systems give the option of up to 7 monitoring zones in a single 
tube and are usually installed in 150 mn or larger diameter boreholes. The system 
has been installed to depths up to 90 m. 

2.2.2 CcJrrponents 

Cl\i1T is a continuously extruded 7 -chambered or channelled high density p:>lyethylene 
(H[FE) tube with 43 mn m. It is supplied in standard lengths of 30m, 60 m or 
90 m. There are no joints in the Cl\ilT, which removes the riS< of leakage. S:::resned 
sa::tions and seals can be located precisely where needed and are constructed on site. 
Annular seals are installed as backfilled bentonite layers. 

Figure 3: !:})tail of Solinst CMT sanpling port oonstru::tion. Sourre: Solinst Canada Lid 

2.2.3 Installation 

The best locations for monitoring p:>rts and padked zones are determined frcm 
information taken frcm the borehole and core during or after drilling.A length of Cl\i1T 
tubing sufficient to reach frcm the surfoce to the deepest monitoring level is cut and 
the base is sealed, using a foam plug and H:fE hot melt glue, except for the central 
chamber which is used as the deepest monitoring p:>rt.The tubing is laid out on the 
ground and the locations for each p:>rt and pa:;ker (if padkers are to be used) are 
marked .Ports are created by drilling holes in the appropriate channei.The base ofthe 
port is sealed with a foam plug and hot melt glue.The port area is wrapped with an 
appropriately-sized stainless steel mesh screen which is kept in ploce by stainless 
steel damps. A vent hole is drilled below the sealed area to allow formation water 
to enter the chamber and reduoe casing buoyancy. A detailed s::hernatic of system 
corrponents is provided in Figure 3. The system can also accarm:x:.late dedicated 
pressure transducers. 01ce all of the ports have been installed, the string is lowered 
into the hole to the desired depth and supp:>rted at the surfoce. 

Alternating layers of bentonite and sand are carefully ploced at the correct depth to 
ensure that monitoring ports are surrounded by sand and sealed above and below 
with bentonite. 

2.2.4 MeasurernentsSarnpling 

Water levels can be measured using narrow diameter water level meters. Water 
samples can be collected using specialised samplers, inertial pumj:E or peristaltic 
pumj:E. 

2.3 

2.3.1 lntrodlrlion 

The Waterloo Multilevel Sfstem tjlt-JS) is a modular system, which includes a closed 
casing string with up to 24 monitoring ports in each borehole, depending on system 
configuration. The system has been installed in a variety of hydrogeological 
environments to depths up to 230m. 

2.3.2 Canp:>nents 

\f\JWS consists of casing corrponents, which may be installed permanently or 
temporarily in the borehole. Individual, small diameter, lengths of tubing through the 
inside of the casing connect each isolated monitoring port to the surfoce, where they 
can be axessed for groundwater sampling, hydraulic head measurements and 
hydraulic testing. 

Sfstem corrponents include casing sections which come in a variety of lengths, 
monitoring ports, tubing, pa::kers, end cap and a surfoce manifold. The standard 
system is manufa:::tured in 50 mn diameterS:;hedule 80 PVC for installation inside a 
75-100 mn diameter borehole. The casing and packer bodies are also available in 
stainless steel, with tubing available in stainless steel, nylon or TefloriiD. 

S:lctions of casing are connected by means of a patented system of nylon shear wires 
and 0-rings. This gives a reliable, leakproof joint that has been tested to 900 kg 
tensile load and leak tested to 1375 kPa internal pressure. 

PVC or stainless steel monitoring ports are typically isolated by padkers (although 
bOO<fill methods can also be used) at each desired monitoring zone and are 
individually connected to the surfoce manifold with narrow diameter tubing. D:ltails 
of pa::kers and ports are provided in Figure 4. The maximum number of monitoring 
zones attached to tubing that can be accarm:x:.lated in a standard casing is 8. If 
dedicated pumps are added, then the maximum number droj:E to 5. If dedicated 
pressure transducers are installed alone then the maximum number of monitoring 
zones is24. 

Figure 4: Waterloo ports and pa:;kers. Sourre: Solinst Canada Lid 

Packers include a permanent type and a removable type. The permanent Waterloo 
pa::ker uses a water activated sleeve fitted over the perforated pa::ker body which 
expands to form an engineered esal against the borehole wall. Removable padkers 
are made with natural gum rubber and are inflated hydraulically or pneumatically by 
pressurising the interior of the \f\JWS casing string. These pa::kers facilitate system 
maintenance and borehole deoomniesioning, sirrplify grouting of the hole and allow 
most of the system to be reused. 

The manifold is placed at the top of the casing string. It ensures that the inside tubing 
and any cabling is kept separate and ordered, allowing a sirrple connection for 
operation of transducers or purrps. 
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2.3.3 Installation 

A typicallf'vM3 can be installed quickly and easily by two people, in a few hours, 
without the US9 of a drilling rig. Starting with the base plug and lowerrrost sections, 
the corrponents are joined together in the order required in the hole. A ground clamp 
supports the suspended string in the borehole as it is being ~led. fls each new 
port is put into position a new monitoring tube,dedicated pump and/or transducer is 
connected to it. &ta::eEsive corrponents are threaded over these lubes and cabling, 
building the casing string. Installation of the manifold corrpletes the system. 

2.3.4 MeasurernentsSa-rpling 

There are a number of options for monitoring. In open lubes, water levels can be 
measured using narrow diameter water l€1/el meters.Water samples can be oollected 
using specialiEBC! samplers, inertial pumps or peristaltic pumps. Alternatively, 
dedicated preesure transducers and gas drive pumps can be installed. 

2.4 Vl.ffiTBl\ y 1\tP SrSJB\11 

2.4.1 Introduction 

The I\!1P9ystem is a modular multilevel system employing a single,cloEBC! axess tube 
with valved ports, which provide axess to different l€1/els of a borehole through a 
single well casing. The modular design permits numerous monitoring zones to be 
established in a borehole and modifications can be made to the number and location 
of ports at the time of installation.The l\i1P System has been used in many different 
geological and climatic environments in boreholes up to 1 ,200m in depth. 
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Figure 5: Carmon oorrpletioo rrethods for both tre Waterloo Multilel.el Systan and tre \1\kstbay 
1\/PSysl:an (adapted franSolirst mdWstbayrorporate literature). 

2.4.2 Corrponents 

The I\!1P9ystem oonsists of casing corrponents,which are permanently installed in the 
borehole. Portable probes and specialised tools are used to take hydraulic 
measurements and groundwater samples. 

The casing corrponents include casing sections of various lengths, couplings, end 
caps and packers, which real the annulus between the monitoring zones.The casing 
rections of the l\i1P System are manufactured in either FVC or stainless steel in 
nominal lengths of 0.5 m, 1.5 m and 3.0 m and are available in 38 mm and 55 mm 
diameters. Regular oouplings are used to oonnect casing lengths where valved 
couplings are not required.The couplings inoorporale 0-rings for a positive hydraulic 
asel and do not US9 adhesivesA flexible shear rod provides a tensileoonnection.Two 
types of valved oouplings, measurement port oouplings and pumping port couplings, 
allow measurement of fluid pressure and groundwater sampling, respectively. 
Monitoring ports are protected with nylon or stainless steel s::reens. End caps are 
placed on the bottom of a casing string.They inoorporate an 0-ring real so that the 
entire casing string is hydraulically realed during installation. 

When there are many monitoring zones in a single borehole, annular asels are 
required to prevent fluid migration from one zone to another along the annular 
opening between the borehole wall and the casing. Annular reals can be installed 
by: a) badkfilling with alternating layers of sand and bentonite or grout, b) using 

hydraulic (water) inflated peekers to real between the casing string and the borehole 
wall or c) using peekers inside a caEBd well with multiple s::reens, and the ecreened 
areas badkfilled with alternating layers of sand and benlonite/grout.Types of annular 
asels are 91own in Rgure 5. 

2.4.3 Installation 

Prior to installation, subsurface horizons of interest are identified from site 
characterisation information and an installation log 91owing all of the oomponent 
parts of the multilevel system is prepared.The system oomponent parts are laid out 
at the site a:rording to the sequence 91own on the installation log and chedked off 
the installation log as they are inserted into the borehole.Olce installed, the peekers 
are inflated proceeding from the bottom of the hole, or the system is backfilled. 

2.4.4 MeasurernentsSa-rpling 

Ruid preesure measurements, hydraulic conductivity testing, and fluid sampling can 
be carried out.~ialised sampling tools are eent down the hole on a cable attached 
to the control devices at the surface, and are positioned at the appropriate port. 
Individual fluid pressure measurements can be taken I:Jy manual oontrol of a preesure 
probe. Altematively the prClCE$ can be automated allowing multiple samples to be 
colle::ted.Hydraulic oonductivity can be measured using variable head,constant head 
and preesure-pulse tests. Ruid samples are oollected using a sampler probe, 
illustrated in Rgure 6, which locks into position at the desired port. Olce the sample 
is taken, the probe is returned to the surface where the sample is transferred to an 
appropriate oontainer. 

Figure 6: LSirg a \1\kstbay sarpler probe to rremJre fluid press.Jre. Souroe:Wstbay lnstruTBnts Inc. 

3. 

Table 1 provides corrparative costs for the different rnultil€1/el sampling systems 
discus9:d in this bulletin.Thess costs have been provided by the UK suppliers whces 
details are given in rection 4.To try to ensure equivalent costing, the costs have been 
calculated for a 30 m deep borehole using four different retsof oonditions (&;enarios 
1-4) which vary acoording to the number of sampling ports (3 or 7) and the type of 
asel (backfill or packerasels) used to isolate each port.The costs are split into three 
categories: ret-up costs; drilling costs; and downhole material costs which include 
initial tooling oosts.lhe same basis for calculating the ret-up and drilling costs has 
been used for the five sampling options to highlight the differences in downhole 
material costs.Total costs do not include delivery of the system, technical support or 
sampling/monitoring equipment. 

For the three individual monitoring wells (both cluster and nested) depths of 10, 20 
and 30m are used in the calculations, and for the reven cluster monitoring wells 
depths of 4, 8, 12, 16, 20, 25 and 30m. A problem with calculating the costs for 
S€1/en nested monitoring wells is that it is too many to fit in a single borehole.For this 
option, therefore, an array of three boreholes is used in the calculation oontaining 3, 
2 and 2 monitoring wells respectively, with corresponding monitoring well depths of 
12, 20, 30m for the triple installation and 4, 16m and 8, 25m for the two double 
installations. 
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Table 1: lllustratil.e OCGI:s for differmt multilel.el gaypling SySlars. 
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Table 1 shovvs that the cheapest option for 3 sarpling ports (S:;enario 1) is to use a 
nested monitoring well configuration which is approximately half the prioe of the next 
cheapest options - the S:Jiinst CIVlT and the individual cluster monitoring wells. 
f-bwever,for S:;enario 2,involving 7 sa11pling ports, the S:Jiinst CIVlT is lees expensive 
than either of the individual monitoring wells options.This suggests that cost benefits 
for single borehole, rrultilevel eysterns (single mobilisation and drilling cost) are 
realised when a greater nuni:Jer of sarpling ports are required, while for a 911all 
number, individual monitoring wells may be more cost effective. It should be bome in 
mind that nested monitoring wells can be difficult to install and that the integrity of 
the seals can be compromised if sand pack or bentonite seals are ploced improperly. 

Figure 7 comperes the costs of the five different sarpling options with an increasing 
number of ports (1-7), based on the information used for calculating the costs in 
Table 1. The figure illustrates that, for the example costs provided in Table 1, there 
are cross-over points where it beoomes more cost -effective to use multilevel eysterns 
as opposed to individual monitoring wells (either cluster or nested). ForS:Jiinst CMT, 
the two sets of cross-over points are between 2-3 ports,and 5-6 ports for cluster and 
nested monitoring wells respectively.For theS:Jiinst WlterlooSystem,there is a cross
over point between 4-5 sarple ports for the cluster monitoring well, but no such 
point for the nested type. 

The use of packers to seal sample ports increases the cost of each of the multilevel 
eysterns. f-bwever, it is not always beneficial to use them. For instance, packers will 
work effectively only if the rock is competent; if it is highly fractured then backfill 
methods may be more suitable. 

The costs provided in Table 1 are for materials and installation only. Each eystem 
requires a different type of specialist sa11pling and/or monitoring equipment which 
will inevitably add to the total cost This equipment varies significantly in terms of 
both complexity and availability, and ranges from simple off-the-shelf check valves in 
an individual monitoring well; to narrow diameter tubing for CMr and Waterloo 
eysterns and proprietary, highly special isad equipment for the W3stbay 1\iP System. 
For example, in the Westbay System it would cost upwards of £40, 000 to purrnase 
a cable reel, sarpler probe, bottles and a readout unit.As a result, it is often more 
cost-effective to rent the equipment, along with trained engineers, at a rate of 
approximately £550/day. 
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Figure 7: CC6I: carparis:m cur\.eS for differmt multilel.el gaypling Sy'SI:ars. 

It is important to understand that the selection of a groundwater sarpling eystem is 
unlikely to be based solely on itsoost.The chosen eystem must have the required level 
of functionality and sophistication for each specific application and this depends on 
the hydrogeology,oontaminant characteristics,borehole conditions and the demands 
of the proposed monitoring echeme. 

Advantages of manufactured multilevel sa11plers over multiple completions include: 

ff fewer drilled holes, reduced drilling and installation costs 
ff reduced site disturbance 
ff minimisation of purge water volumes, reducing handling and disposal 

costs. 
ff potentially improved hydraulic seals compared with nested eysterns 

Disadvantages of manufactured multilevel sarplers include: 

ff can be more difficult to install than individual monitoring wells, requiring 
the use of specialist contractors and field personnel 

ff decreased sa11pling rate requires longer sa11pling time. 

The CMT and Waterloo Multilevel Systems are products of S:Jiinst Canada ltd 
(www.solinst.com).The authorised agents for S:Jiinst in the LK are Wlterra (LK) 
Umited (www.WlterraLKcom): -
Contact Peter Dumble at 
Unit 4, r/o 179-189 stratford Road, Slirley, 8:Jiihuii,W3st Midlands B90 3AU, LK 
Tel: +44 (0) 121 733 7743. Fax: +44 (0) 121 733 7746 
Bnail: saleE@NaterraLKcom 

TheW3stbay IV'IPSystem is a product ofW3stbay Instruments Inc. 
(www.westbay.oom).The authoriised agents for W3stbay in the LK are S:Jil 
Mechanics, a division of Environmental ~rvioes Group Umited:-
Contact: Peter Gee at 
Askem Road, Carcroft, Doncaster,S:Juth Yorkshire,DI\!6 800 
Tel: +44 (0) 1302 723456 Fax: +44 (0) 1302 725240 
Bnail: pgee@e:gl.oo.uk 

If you have qu:::>uv•·"" about this Technical Bulletin or would like further information about other QAIFE publications please contact us at: Q:AIFE, 7th Roor, 1 Great 
Qmberland Place, +44 20 7258 5321. Fax: +44 7258 5322. Wallsite: www.claire.co.uk8nail: enquiriea@::laire.co.uk 
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